SUMMARY The mechanisms underlying the cause of the major clinical features of liver cell failure are reviewed. These include jaundice, fluid retention, hepatic encephalopathy, bleeding tendency, etc.
New knowledge has highlighted the various metabolic disturbances which result from liver cell disease, both acute and chronic. It is the purpose of this brief review article to examine the causes of some of the clinical features of the syndrome of liver cell failure in the light of these new developments. For this purpose the clinical features are set out in the Table. Impaired liver cell function
JAUNDICE
The patient with cirrhosis may well be icteric and the degree of icterus rapidly deepens if liver cell failure worsens. Haemolysis is one factor increasing bile pigment load and is either an acute syndrome associated with changes in the serum lipids or a chronic one, probably due to sequestration of cells in a hypertrophied spleen and reticuloendothelial system (Zieve, 1966 ). An increased pigment load might also result from the impaired coagulability of blood with subsequent haemorrhage. The uptake of bilirubin into the hepatocyte is also diminished in chronic liver disease (Barrett et al., 1968) . This could involve a disturbance in the inducible acceptor protein Y (ligandin, GSH transferase) and the protein Z found in liver and other tissues (Levi et al., 1969) . These seem responsible for the entry of organic anions (such as bilirubin) into the liver and, though the affinities of bilirubin for ligandin and Z are similar, the former system has a greater capacity and is the more important in man.
The conjugation of bilirubin may also be impaired within the liver cell in cirrhosis, though levels of bilirubin UDP glucuronyl transferase in biopsy specimens from patients with cirrhosis are usually normal-except, that is, in the cirrhosis of Wilson's disease (Black and Billing, 1969) . However, food deprivation is a known factor which alters bilirubin conjugation and nutritional problems are important in liver disease and could produce significant changes.
The manner in which bilirubin conjugates are secreted into the biliary canaliculus is uncertain. Though probably not sharing a metabolic pathway with bile salts, bile acids do have an enhancing effect on biliary flow and about 50 % of bile flow in man is bile salt dependant. Bile salt production is impaired in patients with parenchymal liver disease (Vlahcevic et al., 1971) and this, together with the anatomical derangement associated with cirrhosis, may be the major factors determining the cholestatic features of the jaundice in some cirrhotic patients (Datta et al., 1963) .
FLUID RETENTION
Oedema and ascites are well recognised features of liver cell failure. They may develop acutely when a sudden metabolic insult, such as the effects of intestinal haemorrhage, falls on the compromised (cirrhotic) liver. This type clears rapidly if the stimulus is removed-for example, cessation of bleeding. Fluid retention may, however, be chronic as part of progressive liver cell failure and then even very energetic therapy with diuretics may not be successful in removing it. The aetiology of the fluid retention involves reduced synthesis of albumin by the liver. Albumin synthesis in normal man is not apparently a function of every hepatocyte (Feldmann et al., 1972) . Further, in cirrhosis, hypoalbuminaemia is not always associated with 543 impaired hepatic albumin synthesis and a normal albumin pool may be demonstrated with increased albumin being found outside the vascular compartment (Rothschild et al, 1969) . A distribution abnormality is therefore a fundamental part of the hypoalbuminaemia which, together with a disturbance of the Starling equilibrium, is usually invoked to explain the retention of fluid in the tissues and peritoneum.
Portal hypertension is the major factor that localises fluid retention in the cirrhotic to the abdominal cavity as ascites. In patients with extrahepatic portal hypertension, the raised intracapillary pressure is contained within the splanchnic circulationascites, if it occurs, is of low protein content. In patients with cirrhosis and ascites, portal hypertension is at the level of the hepatic sinusoids and an important factor in its production is hepatic venous outflow block caused by regeneration nodules. The raised intrasinusoidal pressure readily produces ascites due to splanchnic transudation, but, more importantly, because of the production of increased amounts of hepatic lymph which are drained from the liver by lymphatics. When this lymphatic transport route is overwhelmed, lymph pours from the liver surface directly into the abdominal cavity. Theoretically, because hepatic lymph contains a high protein content, ascitic fluid in cirrhotics should have a similar content. In practice, it usually does not, and one must presume that this effect is counterbalanced because of concomitant exudation of more splanchnic protein-poor fluid or by reduction of the protein content of hepatic lymph by changes in the sinusoidal microvasculature (Schaffner and Popper, 1963) . This dual origin of ascitic fluid in patients with hepatic cirrhosis explains the recognised superiority of side-to-side rather than end-to-side portocaval shunts in the control of ascites. The former decreases both sinusoidal and splanchnic transudation of fluid and the later only the splanchnic portion.
Though hypoalbuminaemia and portal hypertension seem the major factors which determine the production of ascites, its persistence must be due to other factors, most noticeably those involving renal sodium excretion. These include the increased activity of aldosterone (due to impaired hepatic metabolism), and a failure of the cirrhotic kidney to break through the resultant excessive renal tubular absorption of sodium by exhibiting a (normal) third factor response. The nature of this protective third factor (de Wardener et al., 1961 ) is unknown. It may well not be a natriuretic chemical in its own right but may act by altering existing regulatory mechanisms, including peritubular hydrostatic and osmotic pressure. Changes in renal vascular perfusion are further ways in which escape from avid sodium restriction may be hindered. Changes in the distribution of the renal circulation have been demonstrated by techniques using radio Xenon (Kew et al., 1971) , though these techniques have been shown to possess definite shortcomings. Increasing medullary renal blood flow at the expense of that supplying the cortex might well increase sodium reabsorption by shunting blood to the deeper rather than the more superficial nephrons, where longer loops of Henle might produce mote avid sodium retention.
The patient with ascites and peripheral oedema associated with liver disease may well domonstrate, during rapid diuresis, a compartmentalisation effect such that peripheral oedema is more rapidly mobilised than ascites (Shear etal., 1970) . This is due to the fixed and slower rate of ascites reabsorption-of about 1 I/day. Increased diuresis in these circumstances is therefore obtained only by excreting peripheral oedema fluid or, if this is not available, fluid from the vascular compartment-with consequent dire effects on renal and hepatic perfusion.
HEPATIC ENCEPHALOPATHY
Apart from newer theories relating to the cause or causes of this syndrome, it is also recognised that the symptoms and physical signs can be protean and related to dysfunction of manyparts of the brainparticularly the cerebellum, basal ganglia, and cortex as well as the spinal cord (Read et al., 1967) . These abnormalities are likely to be a feature of 'successful' shunt surgery, where lengthy postoperative survival due to good liver cell function has been a feature.
New theories related to the cause of hepatic encephalopathy have in particular been concerned with an upset in the balance of intracerebral neurotransmitter amines. Two groups of substances have come under scrutiny-namely, false neurotransmitter amines (such as octopamine) and their precursor aromatic amino acids phenylalanine, tyrosine, and tryptophan. In the experimental animal and in patients with hepatic encephalopathy, an increase in brain (Lam et al., 1973) and urinary and blood octopamine has already been noted (Manghani et al., 1975) . The beneficial response of some patients with hepatic encephalopathy to L-dopa was also thought to represent the results of 'normalisation' of brain neuroamines (Fischer.and James, 1971) .
Octopamine and perhaps other amines produced in the gut and transported to the brain are postulated to act as false neurotransmitters-that is, they resemble structurally normal transmitter neuroamines, but are inactive when fixed at brain synapses. They could certainly act as agents which might seriously alter the local concentration of cerebral neuroamines, perhaps depleting 'alerting' amines such as noradrenaline and dopamine. There is, however, grave doubt whether the depletion of brain noradrenaline and dopamine alone could cause hepatic encephalopathy. Certainly, massive experimental reduction of cerebral noradrenaline and dopamine produced in turn by massive intracerebral infusions of octopamine do not cause hepatic encephalopathy (Zieve and Olsen, 1977) . These studies do not invalidate, however, the known reduction of brain noradrenaline that occurs in rats in acute hepatic coma, produced by hepatic artery ligation (Dodsworth et al., 1974) , but make neuroamine depletion per se an unlikely contender as a cause of hepatic encephalopathy.
Interest developed in the possible relationship of altered serum amino acid profiles to hepatic encephalopathy because certain neutral amino acids, the aromatic amino acids, phenylalanine, tyrosine, and tryptophan are the precursors of the neurotransmitter amines noradrenaline, dopamine, and serotonin, as well as false neurotransmitters such as octopamine. Further, the plasma aminogram of patients with acute hepatic necrosis and chronic liver disease is abnormal (Fischer et al., 1975) . A high ratio of aromatic to branch chain amino acids is found particularly in the latter condition, though the aetiology of the hepatic encephalopathy seems important too (Rosen et al., 1977) . One factor potentiating this high ratio, and thus perhaps related to the presence of encephalopathy, is the action of insulin. Severe impairment of liver function results in hyperinsulinaemia. The infusion of large amounts of intravenous glucose as part of the therapy of hepatic encephalopathy could of course accent this hyperinsulinaemia and its effects. Insulin promotes the shunting of branched chain amino acids such as leucine, isoleucine, and valine into muscle and therefore competition between branched and aromatic amino acids for entry into the brain is shifted towards the aromatic group with potentiation of neuroamine production (Munro et al., 1975) . If this also particularly encouraged the production of cerebral serotonin for which tryptophan is a precursor, hepatic coma might be the result. Though encouraging clinical results following the 'normalisation' of amino acid patterns in the plasma of patients with encephalopathy have been described (Fischer et al., 1976) , these seem not to have been widely substantiated.
Other substances perhaps implicated in the production of hepatic encephalopathy include the medium chain fatty acids (Zieve and Nicoloff, 1974) . Studies where these have been administered to patients with hepatic encephalopathy have not shown any significant clinical or EEG deterioration (Morgan et al., 1974) and it seems that they are ancillary rather than primary factors, though in large doses their narcotic effect in various animal species is not in doubt (Muto et al., 1964) .
BLEEDING TENDENCY
Disturbances of blood coagulation are common features of liver cell failure and the most plausible explanation is a lack of the coagulant factors which are synthesised in the liver. Thus vitamin K is essential for the activation of four coagulant factors TI, VII, IX, and X. Factor I (fibrinogen) and factor V are also synthesised in the liver, but not under the control of vitamin K. The absorption of vitamin K in liver disease is often impaired, because of reduced bile salt concentration in the gut. This may be aggravated by oral antibiotics such as neomycin. The luminal deficiency results both from biliary obstruction and impaired liver cell synthesis. In the absence of vitamin K a series of precursor substances are synthesised. In obstructive jaundice it appears that these proteins may also be structurally abnormal (Preston et al., 1977) . Factor VIII deficiency is not a prominent feature in liver disease and often, in fulminant liver failure, levels are raised. Perhaps this is related to its synthesis in sites outside the liver (Deutsch, 1965) . Similarly, apart from fulminant liver failure, hypofibrinogenaemia is also unusual, except, that is, that due to secondary disseminated intravascular coagulation (DIC). On the other hand, factor V deficiency is a common finding in patients with disturbed coagulation, secondary to chronic liver disease, and can be effectively treated only by fresh frozen plasma. Although studies in acute hepatic necrosis have shown that diffuse intravascular coagulation does occur (Rake et al., 1970) , presumably due to the release of thromboplastins from damaged liver cells, in patients with cirrhosis this mechanism seems less important and, when it does occur, appears to be correlated more with the severity of portal hypertension.
Platelet dysfunction is another important cause of a coagulation disturbance in liver disease-platelet numbers in the peripheral blood are diminished either by the effects of toxins acting directly on the bone marrow-for example, alcohol, folate deficiency(Cowan and Hines 1971)-and also bysplenic sequestration, by DIC, and occasionally by an autoimmune mechanism (Habib and Burningham, 1973) . Platelet aggregation in response to ADP (Thomas et al., 1967) is reduced in alcoholic cirrhotics and, at least in acute liver cell failure, this abnormality is seen with changes in platelet ultrastructure-particularly an increased content of microtubules (Rubin et al., 1977) .
The part played by disturbances of the fibrinolytic system in the production of coagulation disturbances is also uncertain. Increased fibrinolysis is found in liver disease and, though this was originally thought to be a primary event, it seems more likely that it is an accompaniment of DIC. Determinations of fibrinopeptide A may enable one to distinguish between 'primary' and 'secondary' fibrinolysis due to DIC as it is relased from fibrinogen only by thrombin -that is, in the secondary form (Nossel et al., 1974) . Fibrinolytic activity is, however, decreased in biliary obstruction and was associated with decreased levels of plasminogen activator activity in the serum, in an investigation by Jedrychowski et al., 1973) . These authors speculated that inhibition of fibrinolysis might be due to altered lipid metabolism--and that the patient with biliary obstruction undergoing surgery might run the risk of increased thrombosis.
The association between the Dubin Johnson syndrome and isolated factor VII deficiency-found in patients with this condition in Israel-deserves mention. Bleeding was found in about 20% and a prolonged prothrombin time in 60% which could not always be corrected by vitamin K. This abnormality, either singly or in combination with the Dubin Johnson syndrome, was also seen in relatives of the cases studied (Seligsohn et al., 1970) .
ALTERED DRUG METABOLISM
Patients with liver disease are clinically unduly sensitive to a number of drugs. This is particularly important with sedative drugs where latent hepatic encephalopathy may be exacerbated. This sensitivity to drugs could presumably result from impaired drug breakdown-a function of the mixed oxidative drug-metabolising enzymes found in hepatocyte smooth endoplasmia reticulum. Though it is an obvious explanation of such a phenomenon in liver disease, it was not until 1968 that proof of diminished drug metabolising capacity became conclusive (Levi et al., 1968) , because previous studies had disregarded concurrent drug-induced microsomal enzyme induction. Chlorpromazine is a typical example of a drug with sedative properties that are much accentuated in the presence of liver disease (Read et al., 1969) , though drug levels are not abnormally high and increased brain sensitivity rather than impaired metabolism seems an important cause of sensitivity (Maxwell et al., 1972) .
Recent studies with diazepam have reinforced these ideas. The amount of drug required to produce a clinical end point (ptosis-nystagmus, dysarthria, and sedation) was much reduced in cirrhotic patients compared with normal subjects, yet there was a good correlation with liver synthetic function as measured by the serum albumin (Branch et al., 1976) . The drug levels of diazepam at the conclusion of this study in normal subjects and cirrhotic patients were similar, despite a smaller dose in the cirrhotic patients. This suggests that volume of distribution enlarges with increasing dose. Increased cerebral sensitivity was demonstrated by the increased slowing of the EEG in the cirrhotic as opposed to the control group.
Factors other than rates of metabolism and target organ sensitivity are obviously important when considering drug action in liver disease. Drug elimination may be impaired in the case of agents secreted into bile by anatomical factors and deficient action of the pump responsible for excretion of ionic and non-ionic agents. The first pass effect may be altered by liver cell disease. Volume of distribution may be abnormal, particularly in those with fluid retention and where there is tissue wasting. Important changes in the serum albumin level may also effect plasma binding. Where the albumin level is diminished because of liver cell dysfunction, concentrations of free/bound drug may be increased. The free unbound drug is that part which is clinically active. A low serum albumin may thus cause an apparent increase in therapeutic effect from a fixed dose of a drug which, with a higher serum albumin level, would give a lesser effect. This has certainly been demonstrated with drugs such as prednisolone (Powell and Axelsen, 1972) .
DIABETES
Diabetes is a common feature in chronic liver cell failure associated with cirrhosis. Figures show that up to one-third of cirrhotics have frank diabetes and the majority (up to 80%) have impaired glucose tolerance as defined by a glucose tolerance curve (Conn et al., 1969; . Because insulin levels are raised in cirrhotic diabetes (Megyesi et al., 1967) , a condition of insulin resistance rather than insulin lack seemed the obvious cause. Glucagon is one obvious hormonal antagonist to insulin which might be associated with this disorder and hyperglucagonaemia is a feature of cirrhosis with portosystemic shunting (Sherwin et al., 1974) . The cause of this rise, which is not associated with increased degradation, is unknown.
The nature of the hyperinsulinaemia accompanying cirrhotic diabetes has recently been studied (Johnston et al., 1977) . Previously it was uncertain whether this was due to increased pancreatic secretion or diminished hepatic degradation. These workers have compared insulin and C peptide levels in cirrhotics both when fasting and after glucose loads. The ratio of C peptide/insulin was decreased in hyperinsulinaemic cirrhotic subjects compared with control subjects and after oral glucose C peptide levels were the same in normoinsulinaemic and hyperinsulinaemic subjects but insulin levels were much increased in the latter group. As the breakdown of proinsulin yields insulin and C peptide in equimolar amounts, this suggest that the hyperinsulinaemia of cirrhosis is due to escape of insulin to the periphery, thus escaping its normal hepatic degradation. The 'escape' could therefore be caused by diminished liver cell removal, by portosystemic shunting, or by both factors.
ENDOCRINE DISORDERS
The clinical picture of 'feminisation' of the male cirrhotic with testicular atrophy, impotence, gynaecomastia, sparse body hair, female body habitus, and reduced prostate size has been recognised for many years. Its cause until recently had been ascribed to abnormal hepatic oestrogen metabolism (Edmondson et al., 1939) . However, studies of oestradiol metabolism in cirrhosis have shown normal rates of metabolism (Baker et al., .1976 ) and, though it is possible that other oestrogenic compounds may be involved, this had led to a reassessment and extension of the search for other possible endocrine causes of this syndrome.
The major findings have been as follows: firstly, there is a significant reduction in total blood testosterone level (Kley et al., 1975) and an even greater fall in that part which is biologically active. These changes are related directly to the testicular atrophy. Secondly, though there is still some confusion, it seems that oestradiol (the most potent oestrogen biologically) shows no major change either in the level of its total or free forms, though the weaker precursor, oestrone, is raised (Green et al., 1976) . Because of a failure to find conclusive evidence of hyperoestrogenism, other aspects of oestrogen metabolism, particularly increased peripheral conversion of androgens to oestrogens, have been noted (Vermeulen et al., 1973) . Changes in hypothalamic pituitary function have also been defined and, though plasma levels of gonadatrophins are normal despite testicular atrophy, there is a reduced gonadotrophin release (Van Thiel et al., 1974) after clomiphene administration. This is at a hypothalamic rather than pituitary level. How these changes came about is uncertain, and whether the testicular defect itself is likely to be the principal abnormality is far from clear.
A further addition to the endocrine changes in liver disease is the recent description of alcoholinduced pseudo-Cushing's syndrome (Smals et al., 1976; Rees et al., 1977) . High corticosteroid levels fall to normal when alcohol is withdrawn.
